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Abstract

In digital image processing applications, the detailed analysis of images always
relies on the quality of the acquired image. In the real scenario, images are of-
ten degraded by different types of noises, e.g., additive, multiplicative, or mixed
nature. These types of noises affect the acquired images during image formation,
transmission, and recording processes and diminish the purity of the edge/texture
information in the images. Hence the development of an advanced noise removal
algorithm is always an essential aspect of the image processing community. It has
been known for a long time that partial differential equation (PDE) based models
can be efficient strategies for the noise removal process in digital images.

This thesis work mainly focuses on the development and analysis of a class of
PDE based models and their applications to image restoration. Also, an extensive
computational study is presented in this thesis to validate and confirm the ability
of the developed models. In the existing literature, most of the researchers have
concentrated their interest only on parabolic PDE based approaches for the noise
removal process; a few researchers have used the hyperbolic-parabolic PDE based
techniques only for the additive noise removal process. To the best of our knowl-
edge, the present work marks the first step towards the use of hyperbolic-parabolic
PDE based techniques for the multiplicative speckle noise elimination process. De-
tails analysis of existence and uniqueness of weak solution is carried out for each
developed model using fixed point theorem. Extensive numerical experiments are
performed on natural as well as synthetic and real images to illustrate and compare
the performance of each developed model with the performance of various existing
approaches. The experimental results show that the proposed models are efficient
for image denoising and can upgrade the visual appearance of the located edges
better than other existing models.

Chapter 1 describes a concise introduction about the aims and objectives of
the research problem considered here, along with details literature survey.

In Chapter 2, the existence and uniqueness of the weak solution of a coupled
diffusion system is presented. Moreover, the computational experiments show that
the considered model could be applied for image denoising.

A coupled telegraph equation based image denoising model for additive Gaus-
sian noise removal is proposed in Chapter 3. First, we verify that the present
system has a unique global weak solution using Banach’s fixed point theorem. Then
apply this approach over a set of grayscale images to illustrate the superiority of the
proposed model over the recently developed telegraph diffusion-based techniques
as well as the model discussed in Chapter 2.

In Chapter 4, a gray level indicator based nonlinear telegraph diffusion model
is presented for image despeckling. The proposed model uses the benefit of the
combined effect of the diffusion equation as well as the wave equation. In this
method, the diffusion coefficient depends not only on the image gradient but also
on the gray level of the image, which controls the diffusion process better than only
gradient-based diffusion techniques. Moreover, we establish the well-posedness of
the system using Schauder fixed point theorem. We show the superiority of the
proposed model over three recently developed techniques on a set of gray level test
images. Also, check the noise removal ability of the present model over some real
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SAR images corrupted by speckle noise with different noise levels. To the best of
our knowledge, this is the first work that utilizes a telegraph diffusion based model
for image despeckling.

In Chapter 5, a hyperbolic-parabolic coupled system is presented for image
despeckling. A separate equation is used to calculate the edge variable, which im-
proves the quality of edge information in the despeckled images. A well-posedness
result of the proposed system is established via Schauder fixed point theorem. A
generalized weighted average finite-difference scheme, along with the Gauss-Seidel
iterative technique, is used to solve the coupled system. Computational analy-
ses are reported to show the effectiveness of the proposed model, with recently
developed models, over a set of test images contaminated by speckle noise. Ad-
ditionally, we check the noise removal capability of the present model over real
SAR and Ultrasound images corrupted by speckle noise. Overall, our study con-
firms that the proposed approach is more effective than the other existing image
despeckling models.

In Chapter 6, we discuss a telegraph total variation based model, with fuzzy
edge detector, for image despeckling. A new attempt has been made to utilize
the benefits of the total variation framework and fuzzy set theory. The proposed
approach combines the telegraph equation and the fuzzy edge detector function,
which is robust to noise as well as preserves the image structural details efficiently.
Moreover, we establish the existence and uniqueness of a weak solution of a regu-
larized version of the proposed system using Schauder fixed point theorem. With
the proposed model, despeckling is carried out on natural and real SAR images.
The experimental results of the proposed model are reported, which found better
in terms of noise suppression and detail preservation as compared to various exist-
ing approaches. To the best of our knowledge, this is the first work that utilizes a
telegraph total variation based model for image despeckling.

Chapter 7 describes a computational study on different color images when
they are degraded by additive Gaussian noise, multiplicative speckle noise, and
blurring effect.

Chapter 8 provides a general conclusion of the whole thesis work and future
scope of the research work.

Keywords: Image restoration; Nonlinear diffusion; Telegraph equation; Total-
Variation methods; Gray level indicator; Fuzzy edge detector; Texture preservation;
Finite difference method; Numerical scheme; Well-posedness; Weak solution; Fixed

point theorem.
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